Introduction: One of the methods of finding and tracking moving targets in image sequences is a correlation tracker (or a block-matching algorithm (BMA)). The accuracy of motion estimation depends mainly on the matching criteria applied in searching [1] [2] [3] [4] . The developed criteria are briefly described in [3, 4] , such as the cross-correlation function (CCF), mean absolute error (MAE), normalised crosscorrelation function (NCCF), normalised mean absolute error (NMAE), mean squared error (MSE) and binary block matching with edge map (BBME). The MAE criterion has been most widely used because of the simplicity of hardware implementation and computation time in the motion estimation of video coding and target tracking [5] .
The performance of a BMA is usually determined by three factors: (i) search method, (ii) search range and (iii) block-matching criteria. The most important thing for target tracking is the probability of false peaks, namely the accuracy of the estimation, which depends on the matching criterion and the exact reference image of the target. The larger the reference image is, the more probability of false peaks is introduced. To maintain tracking of moving targets continuously in cluttered environments, the probability of false peaks must be reduced as much as possible. where R (k, l, n À 1) denotes a binary reference image, which is segmented by the usual boundary detection preprocessor, and
represents an estimation point of the displacement in horizontal and vertical directions. In this proposed criterion, the motion estimation vector is determined by the largest C(r, c, n).
The proposed shape matching process requires only the simple logical AND operations instead of XOR operations between the input image and the previous reference image in comparison with conventional binary block matching with edge map (BBME) [4] to reduce the complexity of hardware implementation. This means that only consistent boundary pixels between the two images have effects on the correlation function. This correlation process can therefore reduce the probability of false peaks caused by the correlated background intensities of target-likes. The quantity C(r, c, n) gives the number of exact matching boundary pixels in the live image that match with the reference image at location (r, c).
The edge pixels (logically '1') in the reference image can be caused by the boundaries of the tracking target, noises or boundaries of static objects. Since the edges of noises in the reference image and in the live image are independent from image to image, the noise-dominated edges of the reference pixels are less likely to match the corresponding pixels in the live image. The boundary edges of static objects also do not contribute to enhancing the magnitude of the correlation peak due to the movement of the target as long as the following assumption is met. The assumption is that the number of the edge pixels from the moving target of interest in the reference image is larger than that of the edge pixels from the static objects. If this assumption is satisfied and most of the target boundaries are not occluded, the proposed shape-matching criterion will not have false peaks.
If the size, shape and orientation of the target are changing, the reference image being used must be updated adaptively to maintain a good track. In [5] , the reference target image was updated by filtering the new target information exponentially with the previous reference. In this scheme, the reference image that has the moving target employs a recursive reference update method in which a new input image is incrementally added to the previously existing reference image such that the reference data is updated smoothly. In this manner, changing target features (due to attitude or range changes and sensor roll about the line-of-sight) are accepted, but more rapidly changing data such as noise and clutter which pass through the scenes are rejected. This process is described by: Rðr; c; nÞ ¼ oðnÞGðr; c; nÞ þ ð1 À oðnÞÞRðr; c; n À 1Þ ð3Þ
where R(r, c, n) denotes an updated reference image and G(r, c, n) represents a gated input image, which includes a moving target using a tracking filter (Kalman filter) and o(n) is the filter time constant, which controls the changes of the moving target shape in successive image frames. Computer simulations and conclusions: To show the performance of the proposed shape-matching measure, we have performed a number of computer simulations. However, for the sake of convenience, we present here only illustrative examples. We have compared the proposed method with the CCF, MAE, NCCF, NMAE, MSE and BBME. The simulated image sequences comprise 178 frames taken at 15 frame=s using an active forward-looking infrared system (FLIR) and 90 frames using a fixed charge-coupled device (CCD) camera, as shown in Fig. 1 which has sample image frames. In particular, CCD images are highly correlated between the background image and the reference target image. Fig. 2 shows the instantaneous tracking errors and Table 1 displays the average tracking errors (in pixels) achieved for the various matching criteria. As shown in the comparative computer simulations, the proposed method was able to maintain small tracking errors and less hardware complexity compared with other methods. In particular, the proposed matching criterion is more effective than the binary block matching with edge map (BBME) using the XOR operations between the reference binary image and the binary input image. 
